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HenpepbiBHOCTb no napaMexpy pemeHHii 
o/],HOMepHbix KpaeBbix sa^an 

B pa6ome uccAedyemca, HenpepueHocmb no napaMempy pemenuu o6tu,ux Kpaeeux sadau dnn cu- 
cmeM AUfieuHux o6uKHoeeHHUx ducf)cf)epeHV,uaAbHux ypaeneHuu. UoAyueHO o6o6uj,eHue meopcMU Ku- 
sypadse (1987) o KoppeKmnocmu manux sadau. Haudenu maKMce docmamouHue ycnoeuH paeHOMepnou 
cxoduMocmu Mampuy Fpuna k Mampuv,e Fpuna npedeAbuou npaeeou sadauu. 



1. BBe^eHHe. PaccMOTpHM ceMeiicTBO o6iri;HX jiHHeliHbix Heo/iHopo^Hbix KpaeBbix sap^a^i fljia ch- 
CTeMbi m G N flHcJjcJjepeni^HajibHbix ypaBHeHHH nepBoro nopaflKa 

y'{t-e)=A{t;e)y{t-e) + f{t-e), te{a,b), (1^) 

Uey{-,e) = ce, e€[0,eo]. (2^) 

3flecb KBa/ipaTHbie MaTpHii;bi-4)yHKu;HH A(-;e) G L([a, 6]; C™'^™) =: L"^^"^, BeKTop-4)yHKii;HH 
G L([a, 6];C"^) =: L"^, BeKTopbi G C™, a jiHHefiHbie nenpepbiBHbie onepaTopbi 

Ue :C([a, 6]; C'^j^C™. 

Tlop^ pemeHHeM CHCTeMbi flHcJxJaepeHi^HajibHbix ypaBHeHHH (l^) noHHMaeTCH BeKTop-4)yHKH;Ha 
y{t;e) G Wi{[a,b];C"^) =: (AC)"^, fljia KOTopoft paBencTBO (Ig) BbinojiHaeTca na no/iMHOJKecTBe hh- 
TepBajia hojihoh Mepbi Jle6era, KOTopoe MOJKeT saBHCHTb ot pemeHHH. HeoflHopo/iHoe „o6mee" KpaeBoe 
ycjioBHe (2e) oxBaTbiBaeT Bce KjiaccHHecKHe bh^bi KpaeBbix ycjioBHii: sap^aHU Kouih, flByxTonenHbie h 
MHoroTOHeHHbie, HHTerpajibHbie h CMemaHHbie KpaeBbie saflaHH (cm. [1] h npHBe/i;eHHbie TaM ccmjikh). 
By^eM npe;i;HOjiaraTb Bcioflj j^ajiee, hto BbinojiHeno 
npeflnojio:aceHHe £. UpedeAbHaa odHopodnasi npaeean sadaua 

>. y'{t;0) = A{t;0)y{t;0), C/oy(-;0)=0, 

_ UMeem moAbKO mpueuaAbuoe peiuenue. 

3to ycjiOBHe paBHOCHjibHO TOMy, hto HeoflHopo/;HaH KpaeBaa aa^ana (Iq), (2o) HMeeT peineHHe npn 
HpOH3BOJIbHbIX BeKTop-4)yHKH;HH f{t;0) G H BeKTope Co G C™. 

B pa6oTe [2], npHMeHHTejibHO k cjiynaio Beiii;ecTBeHH03HaHHbix 4)yHKH;HH, ycTanoBjiena cjie/i,yiomaH 
TeopeMa (H. T. KHrypa^se). Uycmb dnn sadauu (Iq), (2o) eunoAHeno npednoAOMcenue £ u 
npu e —7- +0 CAedyminue ycAoeun: 
1) P(-;6)||i=0(l); 
X: 2) ||/(.;5)||i = 0(l); 
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^: 3) \\Ue\\ = o{iy, 



4) \\jA{s]e)ds-jA{s]0)ds\\oo^O] 
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5) ||//(s;e)ds-//(s;0)ds||oo^O; 
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6) Ce Co, e -f +0; 

7) Uey^Uoy, Vy G (^C/ 
Tozda Bar docmamoHHO MaAux e sadaua (Ig), {2f,) UMeem eduHcmeeHHoe pemenue u 

||y(-;e)-y(-;0)||oo^O, 

Sflecb H Bciofly /i,ajiee || • ||i — Hopivia b HpocTpancTBe Li = L, a || • ||oo — sup-HopMa. 
IlpHMepbi noKasbiBaioT, hto KajK/i,oe h3 ycjioBHH l)-7) TeopeMbi aBjiaexca cymecxBeHHbiM h ne 
MOJKeT 6biTb OT6pomeHO. ^OKasaTejibCTBO H. T. KHrypa^ae hb HOBBOJiaeT Hccjie/i,OBaTb cjiynaft kom- 

HJieKCH03HaHHbIX 4)yHKH,HH, KOTOpblH Heo6xOflHM flJIH pHfla HpHJIOJKeHHH. 
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Ll,cjib flaHHoii paGoTti — MaKCHMajibHO ocjiaGHTb ycjioBHH 1), 4) TcopcMbi KHrypa^sc Ha noBCflCHHC 
ceMelicTBa MaTpHu;-4)yHKii,HH A(-;e) b okpccthocth tohkh £ = 0, a TaKJKe naiiTH ycjioBHa, KOTopbie 
o6ecneHHBaiOT paBHOMepnyio cxoahmoctb MaTpnu, FpHHa paccMaTpHBaeMBix sa^an k MaTpHi],e FpHna 
npeflejifaHoii KpaeBofi sa^aHH na KBSflpaTe [a, b] x [a, b] . 

2. OcHOBHBie pesyjibTaTbi. Bse/ieM b paccMOTpeHHe Kjiacc napaMeTpnsoBaHHBix s ceMeftcTB 

KOMnjieKCHOSHaHHblX MaTpHI],-4)yHKIi;HH 

fljiH KOTopBix MaTpHHHoe pemeHHe Z{t; e) sa/iann Komn 

Z'{t;e) = R{t;e)Z{t;e), Z{a;s) = Im 
y;];oBjieTBopHeT npe^ejiBHOMy cooTHomeHHio 

lim ||Z(i;£)-/„||oo = 0, 

£->+0 

rfle Im - eflHHHHHas (m x m)-MaTpHi],a. 

TeopeMa 1. B ^opMyjiupoeKe meopeMU Kmypadae mookho 3aMeHumt> ycAoeuH 1), 4) odnuM 
6oAee o6inuM ycAoeueM 

R{t;e) := A{t-e) - A{t;0) € M"\ (3) 

SaMenaHHe. VcAoeue (3) na K09(jkj}uv,ueHmu cucmeMU e meopeMe 1 yMce neAbsn ocAa6umt>. Oho 
neAHemcH Heo6xoduMUM, ecAU U^y = y{a)- 

HojioacHM fljiH MaTpHi;fai-4)yHKi];HH G L"*^"* h BeKTop-4)yHKii,HH /(■) G U^: 



:= j R{s)ds, := J f{s)ds. 



Tor/i;a ycjiOBHs 4) h 5) moscho nepenncaTb cooTBeTCTBeHHO b BH^e: 
4') ||i?V(-;£)||oo^O, £^+0; 
5') ||/V(.;e)_/V(..o)||^^0, £^+0. 

B pa6oTax [ 3 — 7 ] HaAj^eabi Heo6xo/],HMbie h /locTaTOHHbie ycjioBHH Toro, hto MaTpHHHaa (|)yHKii,HH 
R{t; e) G A^™" npn BbinojinenHH pasjiHHHbix donoAHumeAhHux npe/i;nojiojKeHHH. 

IIpHMepbi H3 pa6oTbi [6] noKasbiBaiOT, hto BBeflenHbifi HaMH Kjiacc ne HBjiseTCH a/y],HTHBHbiM. 
Hs pesyjibTaTOB pa6oT [5, 6] cjie^yeT, hto Bepno 

IIpefljiojKeHHe (A. K). JleBHn). Ecau npu e — >■ +0 eunoAHeno Atodoe us uemupex ycAoeuu: 

(a) ||i2(.;£)||i=0(l) 

||i?^(-;e)i?(-;£)||i^O, 

(7) \\Ri-,s)R''i-,s)\\,^0, 

(A) ||i?v(.;£)i?(.;e)-i?(.;£)i?^(-;£)||i^O, 
mo ycAoeue (3) paenocuAbHO ycAoeum 4'). 

B o6iu;cM cjiynae ycjioBHe 4') ne HBjiaeTca hh Heo6xo/];HMbiM, hh flocTaTOHHbiM ^jih BbinojiHeHHH 
ycjioBHa (3). HnjKe 6yfleT npHBCflen npHMep, b KOTopoM BbinojiHeno cooTHomeHHe (3), ofxaoKo ne 
BbinojiHseTCH HH o;i,HO H3 ycjiOBHH (a), (7), (A) H TSM 6ojiee ycjiOBHe 1) TeopeMbi Knrypaflse. 

T^OKasaTejibCTBO TeopeMbi 1 Bbi/iejieno b h. 3 ^aHHOH pa6oTbi. 

KaK HSBecTHO (cm., nanpHMep [2]) fljia o6iii,eH KpaeBoit sa^aHH 

y'{t) = A{t)y{t) + f{t), {Uy) = Q 

cymecTByeT MaTpHii,a FpHHa, t. e. MaTpHnnaa 4)yHKH,HH G{t, s) G Loo([o, b\ x [a, 5]; C™^™), c HOMon^bro 
KOTopoH pemeHHe saflann MOxceT 6biTb Hpe;];cTaBjieHO b B^f\e: 



o 

y{t) = J G{t,s)f{s)ds, t G [a, 6], /(•) G U 
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S'ra MaTpHi^a-4)yHKiJ,Ha paspbiBHa na /],HaroHajiH KBa^paTa. Ona mojkct HMCTb h ^pyrnc paspbiBbi (cm. 
HHJKe 4)opMyjiy (14)). ^jih ceMeitcTBa KpaeBbix sa^an (Ig), (2^) MaTpHii,a-4)yHKii,HH G{t, s) saBHCHT ot 
napaMSTpa e. HosTOMy npeflCTaBjiaeT HHTepec Bonpoc o HenpepbiBHOCTH no napaMexpy e MaTpHHHoii 
4)yHKii,HH G{-, ■;£). Otbbt na Hero flaex 

TeopeMa 2. Tlycmb eunoAHeno npednojioatcenue £ u ycAoeun: 

1) ^(.;e)-A(.;0) gA^™; 

2) -C/oll ^0, 

Tosda Oah docmamoHHO mcuiux e cyinecmeytom MampuUfU Fpuna aadau (1^), (2^) u paenoMepHO 
Ha Keadpame [a, b] x [a, b] 

\\G{t,s;e)-G{t,s;0)\\oo^O, e ^ +0. 

^OKasaTejibCTBO TeopeMbi 2 Bbi^ejieHO b n. 4 ^aHHoii pa6oTbi. TaM JKe npHBe^en npHMep, KOTopbiii 
noKasbiBaeT, hto ycjioBHc 2) TeopeMbi 2 nejibsa aaMCHHTb 6ojiee cjia6biM ycjioBHeM cuAbHou cxopfi- 
MOCTH Ue K Uq, KOTopoe paBHOCHjibHO nape ycjioBHH 3), 7) TeopeMbi Knrypaflse. 

yTBepacfleHHe TeopeMbi 1 anoncHpoBano 6e3 flOKaaaTejibCTBa b [11]. B 6ojiee cjia6oH (JjopMe yTBep- 
xcflenne TeopeMbi 2 ncnojibsoBano b pa6oTax [12, 13] flOKasaTejibCTBa paBHOMepnoii pesojibBenTHoii 
annpoKCHMai^HH onepaTopoB IIlTypMa-JlHyBHjijiH c ciiHry.niipHbiMH noTCHiiHajiaMH. no/];o6Hbie flH4)4)e- 
peHi];HajibHbie onepaTopbi BCTpenaioTca b pa/i,e 3a/],aH coBpeMenHoii MaTeMaTHHecKoii 4)H3hkh. 

3. ^OKasaxejibCTBO TeopeMbi 1. C4)opMyjiHpyeM cnanajia nsBecTHoe (cm., nanpiiMep, [9]) 
yTBepacfleHHe o6ni,ero xapaKTepa, KOTopoe Sy^eT MHoroKpaTHO ncnojibsoBaTbca flajiee. 

IlycTb A — 6aHaxoBa ajire6pa c eflHHHn,eH, a Inv A - MyjibTHnjiHKaTHBnasi rpynna o6paTHMbix 
9jieMeHT0B a.nre6pbi A- 

JleMMa 1. 

(1) Omo6paoKeHue X i->- X~^ neAnemcn HenpepuenuM no Hopjue A na MHootcecmee Inv A; 

(2) Omo6paoKeHue {X, Y) X ■ YneAHemcn nenpepuenuM na Ay~ A- 

B HacTHOCTH, MOxcHO nojioxcHTb B jieMMe 1 .4 = C([a, 6]; C"*^"*). 3to (neKOMMyTaTHBHas npn 
m > 2) GanaxoBa ajire6pa c eflHHHn,eH h nopMoii 

\\X\\c:= jX(i)|, \X\ -Y.HiV 

MoacHO TaKxce nojioxcHTb A = B{[a,b];C"^^'^). 9to 6ojiee mnpoKas neM ((7)"»x'" (Hecenapa6ejib- 
nas) 6aHaxoBa ajire6pa orpannHennbix MaTpHii,-4)yHKi];HH c nopMoii || • ||oo- 
IlycTb Y(t; e) — eflnncTBennoe pemenHe MaTpHHHoii KpaeBon aaflann 

Y'it; e) = A{t; e)Y{t; e), Y{a; e) = Ira- 

OTnpaBHbiM MOMCHTOM B HamcM flOKaaaTejibCTBe TeopeMbi 1 HBjiaeTCs npHHn,Hn peflyKii,HH A. K). 
JleBHHa [5, 6]. B nainnx o6o3HaHeHHHx oh HMeeT cjie/i;yioru,HH bh^: 
JleMMa 2. UpedeAbuoe coomnomeHue 



||y(-;£)-n;0)||oo ^0, e^+Q 
eunoAUHemcH e moM u moAbKO e moM CAyuae, ecAU 

A{--e)-A{--{))eM^. 

PaccMOTpHM napHfly c ncxoflHoii HeoflHopo;i,HOH KpaeBon 3a;i;aHeH (1^), (2^) OTHOCHTejibno BexTop- 
4)ynKii,HH y{t;s) eni,e Tpn BeKTopnbie KpaeBbie sap^snw. 

z'{t;e) = A{t;e)z{t;e), Uez{-,e) = c^, (4^) 

x'{t;e)=A{t;e)x{t;e) + f{t;e), x{a;e) = 0, (5^) 
w'{t;e)=A{t;e)w{t;e)+f{t;e), UM-,^) = ^- i^e) 
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KaK H3BCCTHO, KpacBaH safl^ana (5^) (sa^^ana Kouih) Bccr/],a hmcct pcmcHHe h oho c^hhctbchho. 

JleMMa 3. EcAU eunoAHeno npednoAOMcenue £, mo Kaofcdan us aadau: (l^) — (2^), [4^) h (Gg) npu 
docmamoHHO moaux anaueHUfix napaMempa e UMeem poena odno pemenue e KAacce (AC)'"^. 

^OKEtsaxejibCTBO. ^ocTaTOHHO noKasaTb, hto npn Majibix s OflHopoflHaa Kpaesas sa^ana 

y'{t;e) = Ait;e)y{t;e), U,y{--e) = Q 

HMeeT TojibKo TpHBHajibHoe pemeHHe. Kaxcfloe h3 pemeHHii oflHopoflHoro flH4)4)epeHii,HajibHoro ypae- 
HeHHa HMeeT bh/i,: 

y{t-e) = Y{t-e)ce, c, G C™, 
r;i;e Y{t\e) — MaTpHi];aHT sToro ypaBHeHHs. OTKy^a b cHjiy KpaeBoro ycjioBHH HMeeM: 

vp^e i-THVL CTOji6ei]; (m x m) - MaTpHLi,bi \Ui.Y{t; e)] coBna/],aeT c ^eitcTBHeM jiHHeHHoro onepaTopa 
Ha i-TbiH CT0ji6ei; MaTpni^bi Y{t\£). 

KBaflpaTHas MaTpHii;a \UeY{t; e)\ nenpepbiBHo saBHCHT ot e b CHjiy jieMMbi 2 h CHjibHoii nenpe- 
pbiBHOCTH onepaTopHOH 4)yHKi],HH Us; npH £ = 0. KpoMe Toro, b CHjiy npeflnojioxceHHH £ 

det[C/or(t;0)] ^ 0. 

rioSTOMy B HeKOTOpOH OKpeCTHOCTH TOHKH £ = (JjyHKI^Ha 

del[U,Y{t-e)]^(). 

OTKy^a cjieflyeT, hto b SToii OKpecTHOCTH BeKTop = h jieMMa flOKasaHa. 
Hs jieMMbi 3 cjieflyeTjHTO npn Majibix £ > 

= ^(se) +w{-\e). 

HosTOMy fljia flOKasaTejibCTBa TeopeMbi 1 flocTaTOHHO noKa3aTb,HTO npn ee ycjiOBHHx 

||z(-;e)-2(-;0)||oo^0, £^+0, (7) 

\\w{--e)-w{-,Q)\\^^{), £^+0. (8) 
JleMMa 4. Ilycm'b eunoAuenu ycAoeuH meopeMU 1. Tosda cnpaeedAueo npedeAbuoe coorriHomeHue 

(7). 

^OKaaaTejibCTBO. IlepBoe as paBencTB (4^) flaeT naM, hto 

z{t;e) = Y{t;e)ce. 
OTKyfla B CHjiy BToporo hs paBencTB (4;.) nojiynacM, hto 

[UeY{t;e)]c, = c,. 
riosTOMy, no yace flOKasanHOMy, npn ^ocTaTOHHO Majibix £ > 

c, = [U,Y{t;e)]-^c,. 

B CHjiy jieMM 1, 2 

I [U,Y{t- £)]-!- [UoY{t; 0)]-i 1^0, £ ^ +0. 

KpoMe Toro, no ycjiOBHio — >■ cq. HosTOMy — >■ cq npn e — >■ +0. OTKy^a cjie^yeT nyacnoe naM 
cooTnomenne (7). 

JleMMa 5. Tlycmb npu e — > +0 eunoAnenu ycAoeun: 

1) A{-,e)-A{-,Q)eM^; 

2) ||/(.;£)||i = 0(l); 
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3) ||r(-;£)-r(-;0)||oo^O. 

Tosda 

||x(-;£) -x(-;0)||oo ^ 0, e ^ +0. 
^OKasaTejibCTBO. Hs ycjiOBHH 1) b CHjiy npHHii,Hiia pcflyKii;HH BbiTeKaei, hto 

||r(i;£)-y(t;0)||oo^O, £^+0. 

OTKy^a B CHjiy jieMMti 1 cjie^yeT, hto 

||F-i(t;£)-y-i(t;0)||oo ^0, £^+0. 

KaK HSBecTHO, pemeHHe x{t; e) sa^aHH (Sg) moxcct 6biTb npeflCTaBjieno b BH^e 

t 

a 

IIoaTOMy BBHfly jieMMbi 1 ;i,ocTaTOHHO flOKasaTb, hto 

t t 
II j Y-\s-e)f{s-£)ds- j y-i(s;0)/(s;0)ds||oo^O. 

a a 

Hs OI],eHKH 

t t 

II j[Y-\s-£)-Y-\sMf{s\e)ds\\^^ j \Y-\s-e)-Y-\s-M-\f{s\e)\ds^ 

a a 

< \\Y-\s- e) - Y-\s; 0)||oo • sup ||/(s; £)||i < c • \\Y-\s- e) - Y-\s- 0)||oo ^ 



e 

BMTeKaeT, hto /],OCTaTOHHO /],OKa3aTi>, HTO 

t 



II I F-i(s;0)[/(s;e)-/(s;0)]ds||oo^O. 

HHTerpnpyH HHTerpaji no nacTHM HMeeM: 

t 

II j Y-\sMf{s;e) - f{sMds\U ^ 

a 

t 

< II / {Y-^)'{s-Mf\s-e) - r(s;0)]ds||oo + 2||y-i(s;0)||oo • ||r(s;£) - r(s;0)||oo < 

a 

< |ir(-;£) - r(-;0)||oo • (2||y-i(.;0)||oo + ||1^-'(^;0)||L • ||l^'(s;0)||i) ^0, +0, 

T. K. 

{Y-^)\.-e) = -Y-\.-e)r{.-e)Y-\.-e). 



JTeMMa flOKasana. 

JleMMa 6. IIpu ycjioeuHX meopeMU 1 cnpaeed/iueo npedeAt>Hoe coomHomeHue (8). 
^OKasaxejibCTBo. HojioacHM 

v{t;e) := x{t;e) — w{t;e). 
Tor^a BeKTop-4)yHKLi,Ha v{t;e) HBjiaeTCH pemeHneM KpaeBoit saflann 

v'{t; e) = A{t; £)v{t; e), Uev{t; e) = Uex{t\ e) =: 0^. 



Ho 

\\Usx{t;e) - C/ox(t;0)||c ^ - 0)||c + \\iUe - Uo)x{t;0)\\c ^ 0, 

T. e. Cs — )■ Co npH £ +0. HosTOMy 

v{t;e)=Y{t;e)ce, c.eC"', 
rp^e [UeYlt; £)]c^ = Cg h npn ^ocTaTOHHO MajiMx e > 

c, = [U,Y{t;e)]-% ^ [UoY {t; 0)]-% = cq. 

OTKyfla cjieflyeT, hto 

\\v{t;e)-v{t;0)\\oo^O, e ^ +0. (10) 

Hs paBeHCTBa u;(f;£) = x(f;£) — v{t;£) h yace flOKasaHHtix cooTHomeHHii (9)h (10) cjie^yeT acHMnTO- 
THHecKoe cooTHomeHHe (8). 

JleMMa 6. a BMecTe c neii h Teopeivia 1 ^OKasaHbi. 

npHBe/i,eM npHMep, b KOTopoM BbinojiHeHO cooTHomeHHe (3), oflnaKO He BbinojiHHeTCH hh oflHO H3 
ycjioBHH (a), (/3), (7), (A). Oh, b nacTHocTH, noKasbisaeT, hto Teopeivia 1 cHJibnee TeopeMbi Knrypaflae. 
IIpHMep 1. IlycTb m = 2, (a, b) = (0, 1), A{t- e) = A{t) + R{t- e), r^e 



R{t; e) 



^cos(i) 
. 71 sin (f) 

HeTpyflHO nposepHTb, hto ||i?^(-; £)||oo — >^ h 



1 2t t 2t t 

R{t; £)R^ {t; e) = diag {- sin ( — ) • sin (-), sin ( — ) • sin (-)}, 

^ s s s s 

t 2t 1 t 2t 

{t; e)R{t; e) = diag {sin (-) • sin ( — ), - sin (-) • sin ( — )}, 

s s ^ s s 

1 2t tit 2t 

R'^{t;£)R{t;£) - R{t;£)R'^{t;s) = diag {-- sin (— ) • sin (-), -sin(-) •sin(— )}. 

^ S S s s 

OflHaKo: 

1 I 

||i?(t;£)||i > ^ / \ cos {-)\dt = y/£ I |cos(i)|di = ^M{|cos(i)|} ^ +00, 
■\/£j £ J V£ 



1 

1 - 

/t 2t f 

I ..n (-) . .i. (-)l* = I sn.(t)M (2t)|* ^ M{| sin (t) ■ s.n (2,)|} > 0, 



[10]. IIoSTOMy HH OflHO H3 HBTbipeX HpHBe/ieHHblX BblHie yCJIOBHH SfleCb He BblHOJIHenO. OflHaKO, HOJIb- 

syacb TeopeMoii 6 pa6oTbi [7] npn i = 1, HeTpy/],Ho y6eflHTbCH, hto R{-;£) G Ad"^. 

4. ^OKasaxejibCTBO TeopeMBi 2. PaccMOTpHM nojiyoflHopoflnyio BSKTopHyio Kpaesyio sa^any 

y'{t) = A{t)yit) + f{t), Uy = 0, (11) 
rp,e A{-) G L"^^"*, /(•) g L"*, U G >C((C)"^; C"*). Tor^a cnpaBefljiHBO OflHOsnaHHoe npe;];cTaBjieHHe 





Uy = J[dH{tMt), y{-)e{Cr, 



rp^e H{-) G NBV{[a,b];C^^'^). 3to 6aHaxoBO npocTpancTBO KOMnjieKCHOSHanHbix (m x m)-MaTpHH,- 
4)yHKH,HH c orpaHHHeHHbiM HSMeneHHeM na OTpesKe [a,b], KOTopbie paBHbi b tohkc a h HenpepbiBHbi 
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cjicBa Ha nojiyHHTepBajie {a,b]. HosTOMy ^jih MaTpni^aHTa Y{t) chctcmbi (11) na HHTepsajie [a,b\ 
onpe^ejiena sa^aHHaH HHTerpajioM CTHjibTbeca MaTpHu,a - 4)yHKLi,Ha: 

t 

Hrit) = J [dH{s)]Y{s). (12) 

a 

Ona paspbiBHa b TOHKax paapBiBa MaTpHi];bi-4)yHKLi,HH H{-). Hpn stom, ecjiH o^Hopoflnaa KpaeBas 
sa^ana (11) HMeei tojibko TpHBHajitHoe pemeHne, to 

deti/y(6)^0 (13) 

H cymecTByeT MaTpHii,a Hy^ih). 

KaK H B BemecTBeHHOM cjiynae (cm., nanpHiviep, [8]) sepna 

JleMMa 7. Ecjiu eunoAHeno HepaeeHcmeo (13), mo Mampu%a Fpuna aadauu (11) cymecmeyem 
u npedcmaeuMa e eude: 

r(t = ! ^(*)^"'(") - Y{t)Hy\b)HY{s)Y-\s), a^s^t^b; 
^'^ \ -Y{t)HY\b)HYis)Y-^{s), a^t<s^b. ^ ^ 

OopMyjiy (14) yflo6HO sanncaTB b BH;i,e G{t, s) = Gi{t, s) + G-zit, s), r^e 

Gi{t,s) = -Y{t)Hy\b)HY{s)Y-\s) 

1 

{ Y{t)Y-\s), a^s^t^b- 
^^^^^') = \ 0, a<.t<s^b. 

HOHHTHO, HTO flOCTaTOHHO HOKaSaTb, HTO 

||Gi(t,s;£)-Gi(t,s;0)||oo ^0, £^+0, i = l,2. 
Hs jieMMbi 1 BbiTeKaeT, hto ecjiH 

||r,(t)-ro(i)||oo^o, ||5,(s)-5o(s)||oo^o, Ce^Co, 

TO Ha KBaflpaTe (t, s) G [a, 6] x [a, 6] 

\\T,{t)CeSe{s) - To{t)CoSo{s)\\^ ^0, £ ^ +0. 
B CHjiy 9Toro fljia flOKasaTejibCTBa TeopeMbi 2 ^ocTaTOHHO noKaaaTb, hto npn BbinojiHeHHH ee 

yCJIOBHH flJIH flOCTaTOHHO MajIblX £ 

det HY{b;e) ^ 0, 

||y(-;£)-r(-;0)||oo^O, £^+0, 

||i7y(-;£)-J/y(-;0)||oo^0, £^+0. 

IlepBoe H3 npeflejibHbix cooTHomeHHii yxce ycTanoBjieno naMH. 
Tlepexop^ ko BTopoMy, HMeeM: 

t t 
\\HY{t;e)-HY{t;0)\\oo = \\ J [dH {s; e)]Y {s; e) - J[dH{s;0)]Y{s;0)\\^ ^ 

a a 

t t 

^ II j [d{H{s-e) - H{s-mY{s\e)\\oo + \\ j [dH{s-M ■ [y(s; £) - y(s; 0)]||oo ^ 

a a 

^ \aTl[H{s-e)-H{sM ■ ||y(-;£)||oo + Var^[if(s;0)] • ||y(-;£) - y(-; 0)||oo ^ 0, 
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T.K. B cHjiy ycjioBHa II — C/o|| ^0 Bapnai^Ha MaTpHLi,bi-4)yHKLi,HH 

Var^[iJ(s;£)-F(s;0)]^0. 

B nacTHOCTH, OTcrofla cjie^yeT, hto deti?y(6;e) 7^ ^jia ;i;ocTaTOHHO Majibix e. TeopeMa flOKasana. 
IlpHBefleM o6en];aHHBiH b n.2 npHMep. 

IIpHMep 2. IlycTb m = 1, (a, 6) = (0,1), = A{t,Q) = 0, a jiHHeiiHbie HenpepbiBHbie 

onepaTopbi C/g : C([0, 1]; C) — >^ C saflanbi paBencTBOM 

{U,y):=y{e), £G[0,1]. 

OnpeflejieHHfaie laKHM o6pa30M onepaTopti chjibho cxoahtch k onepaTopy C/q na npocTpancTBe 

= y(£) ^y(O), £^+0, y(-) gC([0,1];C). 

OflHaKo 

||?7,-i7o|| =2, £7^0. 
B /];aHHOM cjiynae 4)yHKLi,Ha FpHHa 3a/i,aHH 

HMeeT BHfl: 

G(t,s;0) 

a fljiH saflaHH 
cooTBeTCTBeHHO 6yfleT 

G{t,s;e) = G{t,s,0) - l[o,e]x[o,e]{t,s), 

rfle If ~ xapaKTepncTHHecKasi 4)yHKii,H5i MHOxcecTBa F. 
OTKyfla cjieflyeT, hto 

||G(t,s;e) -G(t,s;0)||oo = 1, £ / 0. 
^jia onepaTopoB, oTBenaromHM MHoroTOHeHHbiM KpaeBbiM sa^anaM c 

U,y := Bi{e)y{h) + B2{e)y{t2) + ... + S„(£)y(t„), 

T/\e n > 2, TOHKH {tl, • • • ) tn} £ [a, 5] H He SaBHCHT OT £, MaTpHII,bI -Bfc(e) G ^^rnxm^ yCJIOBHa 

\\U,-Uo\\^0, U.y^Uoy, y e {ACr 

paBHOCHJIbHbl MeyKflJ Co6oH. KaJK^Oe H3 HHX SKBHBajieHTHO TOMy, hto 

Bk{e)^Bk{0), k = l,2,...,n. 



= f{t), y{t;0)\t=o = 

_fl, 0^s<t^l; 

~ [ 0, O^t^s^l; 

= fit), yit;e)\t=e = 0, 
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